In the title molecule, C 21 H 25 N 3 O, the 1-decyl substituents are in an extended conformation and intercalate in the crystal packing to form hydrophobic bands. The packing is further organized by --stacking interactions between pyrrole and phenyl rings [centroid-centroid distance = 3.6178 (11) Å ] and a C OÁ Á Á(pyrrole) interaction [3.447 (2) Å ]. Hirshfeld surface analysis indicates that the HÁ Á ÁN/NÁ Á ÁH interactions make the highest contribution (17.4%) to the crystal packing.
Chemical context
Knoevenagel condensation is a nucleophilic addition of an active hydrogen compound to a carbonyl group followed by dehydration in which a molecule of water is eliminated (Jones, 1967) . The indole scaffold including isatin (1H-indole-2,3-dione) represents an important structural subunit for the discovery of new drug candidates (Pandeya et al., 2005) . The carbonyl group in the 3-position of isatin is known to be active in various condensation reactions and thus the most common methods for the synthesis of 2-(2-oxoindolin-3-ylidene)-malononitriles are the condensation of isatins with malononitrile in the presence of a catalyst, such as piperidine acetate (Kayukov et al., 2011) , DBU, Al 2 O 3 , N(CH 2 CH 2 OH) 3 or chitosan (Abdelhamid, 2009) . Over the past few years, molecular iodine has emerged as powerful catalyst in various organic transformations (Kidwai et al., 2007) . As well as having the advantage of being inexpensive, non-toxic, and nature friendly, iodine affords the desired products in good to excellent yields with high selectivity.
As a continuation of our research on the synthesis, functionilization, physico-chemical and biological properties of indole derivatives (Al Mamari et al., 2012a,b,c,d; Rayni et al., 2017 Rayni et al., , 2017a ; Zarrok et al., 2012), we report our results on the The molecules pack with the 1-decyl chains intercalating to form large hydrophobic bands (Fig. 2) approximately parallel to the b-axis direction. The indole portion participates in offset --stacking interactions in the b-axis direction between the five-membered ring in one molecule and the sixmembered ring in the next (Fig. 3) with a centroid-centroid distance of 3.6178 (11) Å and a dihedral angle of 1.64 (10) . Reinforcing this is a C OÁ Á Á(ring) interaction between C8 O1 and the five-membered ring in the adjacent molecule along the b-axis direction (Fig. 3 ) with a CÁ Á Ácentroid distance of 3.447 (2) Å .
Database survey
A search of the Cambridge Structural Database (Version 5.39 with updates through May 2018; Groom et al., 2016) with the fragment shown in Fig. 4 yielded 133 hits of which 34 are close to the title compound in that the substituents on the methylidene carbon are relatively small in size. The closest analogues are 2 [R = CH 3 (Wang et al., 2013) ; (CH 2 ) 5 CH 3 (Rayni et al., 2017b) ], 3 (Hu et al., 2014) and 4 (Lian et al., 2012) although there are also some interesting related compounds such as 5 [R = (CH 2 ) 5 CH 3 ; Hasegawa et al., 2015) , (CH 2 ) 9 CH 3 (Bogdanov The packing viewed along the b axis.
Figure 3
Detail of the offset --stacking (purple dotted lines) and C OÁ Á Á(ring) (green dotted lines) interactions [symmetry codes: (i) x, À1 + y, z; (ii) x, 1 + y, z].
Figure 1
The title molecule with the labelling scheme and 50% probability ellipsoids.
Figure 4
Search fragment and related compounds. et al., 2014) and (CH 2 ) 3 CH 3 (Yuan & Fang, 2011) , (CH 2 ) 6 Br Bogdanov et al., 2013) ]. In these, the indole fragment varies from being planar to having a dihedral angle between the two constituent rings of up to 3.30 . The substituent on the ring nitrogen atom is generally in an extended conformation with the head end nearly perpendicular to the plane of the fivemembered ring with torsion angles corresponding to the C8-N1-C12-C13 torsion angle in the title compound varying from 73.4-104.8 .
DFT optimization
The structure in the gas phase of the title compound was optimized by means of density functional theory (DFT). The DFT calculation was performed by the hybrid B3LYP method, which is based on the idea of Becke and considers a mixture of the exact (Hartree-Fock) and DFT exchange utilizing the B3 functional, together with the LYP correlation functional (Becke, 1993; Lee et al., 1988; Miehlich et al., 1989) . The B3LYP calculation was performed in conjunction with the basis set DZVP (Godbout et al., 1992) . It is noteworthy to mention that the double-basis set used was designed for a DFT calculation. After obtaining the converged geometry, the harmonic vibrational frequencies were calculated at the same theoretical level to confirm that the number of imaginary frequencies is zero for the stationary point. Both the geometry optimization and harmonic vibrational frequency analysis of the title compound were performed with the Gaussian16 program (Frisch et al., 2016) . The result of the B3LYP geometry optimization for the title compound was compared with that determined in the crystallographic study. The B3LYP-optimized geometry of the title compound is shown in Fig. 5 with selected geometric parameters of the gas-phase and the solid-phase structures summarized in Table 1 . These show that the gas-phase structure shows a small deviation from the solid-phase one (Reichman et al., 1969; Liao & Zhang, 1998) . The B3LYP-optimized geometry of the title compound (Å , ). Table 1 The B3LYP-optimized and X-ray structural parameters for 1 (Å , ). Figure 6 The d norm Hirshfeld surface of the title compound (red: negative, white: zero, blue: positive; scale: À0.0774 to 1.3395 a.u.).
Hirshfeld surface calculations
Both the definition of a molecule in a condensed phase and the recognition of distinct entities in molecular liquids and crystals are fundamental concepts in chemistry. Based on Hirshfeld's partitioning scheme, a method was proposed to divide the electron distribution in a crystalline phase into molecular fragments (Spackman & Byrom, 1997; McKinnon et al., 2004; Spackman & Jayatilaka, 2009 ). This method partitioned the crystal into regions where the electron distribution of a sum of spherical atoms for the molecule dominates over the corresponding sum of the crystal. As it is derived from Hirshfeld's stockholder partitioning, the molecular surface is named as the Hirshfeld surface. In this study, the Hirshfeld surface analysis of the title compound was performed utilizing the CrystalExplorer program (Turner et al., 2017) . The standard resolution molecular Hirshfeld surface (d norm ) of the title compound is shown in Fig. 6 . The 3D d norm surface is used to identify close intermolecular interactions. The value of d norm is negative (positive) when intermolecular contacts are shorter (longer) than the van der Waals radii. The d norm value is mapped onto the Hirshfeld surface using red, white and blue. The red regions represent closer contacts with a negative d norm value while the blue regions represent longer contacts with a positive d norm value and the white regions represent contacts equal to the van der Waals separation and have a d norm value of zero. As shown in Fig. 6 , the major interactions in the title compound are intermolecular HÁ Á ÁO and HÁ Á ÁN hydrogen bonds.
The 2D fingerprint plots highlight particular atom-pair contacts and enable the separation of contributions from different interaction types that overlap in the full fingerprint.
Using the standard 0.6-2.6 view with the d e and d i distance scales displayed on the graph axes and including the reciprocal contacts, the contribution of the HÁ Á ÁN contacts is larger than that of the HÁ Á ÁO contacts (Fig. 7) . Interestingly, we found that there is a negligible contribution of NÁ Á ÁN contacts (Govers, 1975; Cartwright & Wilkinson, 2010) . This interaction might be considered as a stabilizing hyperconjugative one between a -bonding orbital of one C N group and a *-bonding
Synthesis and crystallization
A mixture of 1-decylindole-2,3-dione (0,5g, 2.1 mmol), malononitrile (0,14g, 2.1 mmol), and I 2 (0.05g, 0.21 mmol) in ethanol (10 mL) was heated at 333 K. After completion of the reaction (monitored by TLC), the mixture was treated with aqueous Na 2 S 2 O 3 solution and extracted with ethyl acetate (2 Â 10 mL). The extract was dried over sodium sulfate, filtered and the solvent was evaporated in vacuo. The purified product was recrystallized from ethanol solution to afford the title compound as orange, plate-like crystals.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 (Sheldrick, 2015b); molecular graphics: DIAMOND (Brandenburg & Putz, 2012) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) .
2-(1-decyl-2-oxoindolin-3-ylidene)propanedinitrile
Crystal data Special details Experimental. Analysis of 1401 reflections having I/σ(I) > 15 and chosen from the full data set with CELL_NOW (Sheldrick, 2008) showed the crystal to belong to the triclinic system and to be twinned by a 180° rotation about the a axis. The raw data were processed using the multi-component version ofSAINT under control of the two-component orientation file generated by CELL_NOW. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Trial refinements with the single-component reflection file extracted from the full data set with TWINABS and with the complete two-component reflection file showed the former refinement to be the better one. 
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